We investigate CP-violation effects in the bosonic sector of the Standard Model (SM) with two Higgs doublets. First we calculate the mass eigenstates of the physical neutral Higgses for small but nonzero CP-violation parameter ξ * , and then a "forward-backward" asymmetry 
The potential spontaneously breaks SU ( The minimum of the potential is at
For ξ * (= (λ 5 − λ 6 )ξ) = 0, we have no CP-violation, and the neutral physical scalars 
On the other hand, in the case of ξ * = (λ 5 − λ 6 )ξ = 0 we do have CP-violation. It is possible to find the physical scalar mass eigenstates in this case, if we make the expansion in powers of ξ in the potential (1) . Denoting the mass eigenstates (
, respectively, we obtain the three mass eigenstates v (j) (ξ * ) after some lengthy algebra:
where U (ξ * ) is a 3 × 3 orthogonal matrix:
where
Here, M j (0) (j = 1, 2, 3) are masses of v (j) (0) (of eq. (4)). The masses of M j (ξ * ) of v (j) (ξ * ) differ from those of ξ * = 0 case only slightly (for ξ ≪ 1)
The quantities δ and x j are dimensionless, in general of order O(1). Note that the charged scalar sector remains unaffected by the introduction of ξ * = 0.
Equation (5) 
For the decay H o → W + W − Z, we can construct the following experimentally relevant "forward-backward" asymmetry width parameter Γ f b which would be a signal of this CP-
where θ is the angle between p W + and − p Z in the frame CMS(W + W − ) (Fig. 3) , and the sum over the helicities of the final particles is implicitly assumed 2 .
Note that θ → π − θ under the CP-transformation of the final state W + W − Z, and hence
were a pure CP = +1 or CP = −1 state. Therefore, in the case of CPconservation we must have Γ f b = 0. Hence, Γ f b = 0 is a signal of CP-violation. We can show in general, using the formalism of partial wave expansions of decay amplitudes [6] , that Γ f b is an expression proportional to the interference terms of the CP = ±1 decay amplitudes
In the specific model at hand, we can check this by explicit calculation. The tree level transition amplitudes T ± 3 in this case turn out to be
1 The latter amplitude is zero if ξ * = 0, as expected. 2 Note that Γ f b is in principle obtained by measuring the corresponding "forward-backward" difference N f b of the number of these decays:
, where Γ(H o ) the total decay width, L the integrated luminosity and σ the production cross section for the (heavy) Higgs. 3 Strictly speaking these are not tree level amplitudes, because the dominant final state interactions in the propagator are taken into account by nonzero widths of the mediating bosons. The amplitudes can be calculated in any R ζ -gauge, do not depend on the logitudinal parts of the propagators and have no ζ-dependence.
where p j and h j (j = 1, 2, 3) denote momenta and helicities of W + , W − and Z, respectively, and
M j are the masses of the three physical scalars (M j = M j (ξ * ) ≃ M j (0)), Γ j are the corresponding widths, and η = (β − α). In this particular case, we explicitly see that | T + | 2 and
is antisymmetric (summation over the final helicities h j is always assumed). Therefore, | T + | 2 and | T − | 2 contribute to Γ and not to Γ f b , while (T * + T − + T + T * − ) contributes to Γ f b and not to Γ (for the decay H o → W + W − Z). Hence, we see explicitly that relation (11) holds in the specific discussed case.
In the further calculation, we will assume that
2M W , and that Γ 2 and Γ 3 are consequently negligible (Γ 2 , Γ 3 ≪ Γ Z ≃ 2.5GeV ). The asymmetry signal Γ f b would then be proportional to Γ W and Γ Z . Furthermore, we will assume ξ < 1 and ξ * = (λ 5 − λ 6 )ξ < 1, in order to use the expressions (6) . Then it follows
The width ∆ in the above formula 4 is
where Table 1 . If assuming 0.2 < ξ * (< 1) and cos δ cos η sin 2 η
We may also construct the dimensionless asymmetry parameter
The dimensionless parameter ρ is small (O(10 −3 )), due to the suppression factors Γ W /M W and Γ Z /M Z , and its values are also included in Table 1 .
Here we have to mention that the relation (18) is not valid in the limiting case of cos η → 0, because in such a case Γ(
. In such a case, A f b could be large
For completeness, we also write the decay width Γ(H o → W + W − Z) in the theory discussed here
4 Strictly speaking, Γ f b ≃ ∆ × (cos δ cos η sin 2 η) 1 + where the widths G, as well as Γ M SM (H o → W + W − Z) of the minimal SM, are given in Table   2 for various values of the scalar masses 5 . Note that Γ + is the contribution from diagrams of decay have also been calculated by other authors ( [7] , [8] , and references therein).
We find that the parameter Γ f b (eq. (10) Several sources of background would pose a problem for identifying such events -particularly the direct production of W + W − Z (pp → W + W − Z) and the QCD continuum (pp → Z + 4jets). It has been argued [7] that the background effects of the direct production would not be a major problem for measuring Γ(
is such a difference of the widths for which any background effects of the direct production that do not violate CP-symmetry are cancelled out. To see this,
we must recall that in the "forward-backward" difference of events
we make the sum (average) over the polarizations of the incoming constituent particles (unpo- 5 Note that the angle η = β − α may be obtained from experiments measuring the W + − W − -Higgs couplings.
The angle β may be restricted indirectly by experiments whose results depend on the ratio of the vacuum expectation values, within the considered theory. 6 In ref. [7] , the numbers N of decays are given for the minimal SM, but can be used also in the present model as order-of-magnitude estimates.
larized). For the case of direct production we choose the spin basis | S, S z for polarizations of the initial(or gg) states 7 . These initial states have well-defined CP (CP (qq) = (−1) Sqq+1 , CP (gg) = (−1) Sgg ), and hence also the resulting directly produced W + W − Z states would have the same well-defined CP, provided the direct production processes themselves do not contain appreciable CP-violating vertices. Therefore, such events would contribute zero to A l + l − = ( E l − − E l + )/ E l + are about one order of magnitude smaller than the corresponding
the results of ref. [12] with the results of the present paper, we conclude that the measurability of A(H o → W + W − ) (and the problems connected with it) is comparable to the measurability of A f b (H o → W + W − Z), while the measurement of A(H o → tt) (for m t ≈ 150GeV ) clearly 7 We are allowed to take any convenient polarization basis, since at the end we sum over all initial polarizations. appears to be more promising.
One major problem in measuring Γ f b (or A f b ) would be a somewhat low production rate of heavy Higgs at SSC and LHC (N ∼ 10 3 decays H o → W + W − Z per year). Since (or A f b ) , or related quantities, may eventually become relevant for experimental tests of CP-violation of the purely bosonic sector. Furthermore, the Γ f b and A f b parameters should be investigated numerically also for the case of larger ξ * parameter of CP-violation, and they may be substantially larger in this case. (1), (2), (3) denote these values for the cases when the masses (M 2 , M 3 ) of the other two physical scalars (in GeV ) are (0, 0), (100, 0) or (0, 100), and (100, 100), respectively. Table 2 M Table 1 .
Tables
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